The effects and causes of climate change and variability have been a cause of controversy and debate for many years in many parts of the developing world. Perceptions vary about the effects and causes of climate change and variability. This study assessed smallholder farmers' perceptions of climate variability and climate change adaptation in Bolero Community, Rumphi district in northern Malawi. Data were generated through a knowledge, attitude and practice survey using semi-structured interview and focus group discussions targeting 100 respondents in the study area. The data were analyzed using descriptive statistics and chi-square tests. The results revealed that 76% of the farmers that were interviewed perceived increased temperatures and 74% perceived decreased rainfall. Results on temperature were supported by meteorological data but rainfall data for Bolero area showed no significant changes overtime. Results, however, demonstrate increased awareness by smallholder farmers about the meaning of climate change and variability but are mixed on actual causes of this due to insufficient scientific knowledge. Some relate it to human activity while others associate it to traditional, cultural, and religious practices. Among the few who believe their own human activity contributes to the situation, they feel that easy access to markets, credit, water resources, irrigation services, tree seedlings and information on climate change, can motivate them to adopt coping and adaptation mechanisms to climate change and variability. Thus, it is important to improve the scientific knowledge of smallholder farmers in understanding the causes of climate change and variability through increasing the level of awareness among smallholder farmers about the impact and causes of climate change and variability. Furthermore, more programmes that motivate farmers to adopt coping and adaptation mechanisms in dealing with climate change and variability are needed. Such projects should consider cultural and traditional beliefs of smallholder farmers.
INTRODUCTION
In many parts of the world today, climate change and variability have affected rural livelihoods especially in the developing world (IPCC, 2007) . In Africa, human activity is attributed to this significant change in climate *Corresponding author. E-mail: kasulov@gmail.com. Tel: + 265 992343494.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License (Mings, 2008; Olsen, 2006) . The increasing severity of droughts, floods, dry spells and strong winds are, at least in some part, due to human activity (IPCC, 2007; United Nations, 1992) . However, issues of climate change and variability have been a cause of controversy and debate for many years around the world particularly in the low rainfall regions (Brody et al., 2012) . It seems scientifically well established that clearing a forest reserve adversely affects rainfall. A reduced evaporation loss from a forest cover is regarded as a significant reason for low and erratic rainfall than other alternative land use cover (Lorup and Hansen, 1997) . By examining climate change using the concepts, tools and languages of the sciences and humanities and the discourses and practices of economics, politics and religion will begin to see that depending on who one is and where one stands, the idea of climate change carries quite different meanings and seems to imply different courses of action (Hulme, 2009) .
However, it seems most populations do not understand the fact that forests attract rainfall and that forests act as a sponge, whereby roots soak up water in the moist soils and release it slowly in the dry season as a result, there is increased levels of deforestation in most communities. Indecision by farmers about coping and adaptation mechanisms due to insufficient scientific knowledge shall remain a challenge especially in the agricultural sector (Vandamme, 2009) . Understanding people's knowledge, attitudes and practices (KAP) about climate change and variability can bring about important coping and adaptation systems for climate change to promote agriculture and sustain rural livelihood and welfare. Although, there is an increase in the number of climate change and variability studies that are incorporating the KAP approach (Ojomo et al., 2015; Arbuckle et al., 2013; CIMC, 2012; Oepen, 2012; Bruinders et al., 2009; Chambers and Smith, 2007; JCCEA, 2005) , there is a limited number of location specific KAP surveys which is presumably the most important single factor bringing about increasing uncertainties in climate change and variability. Hence, there is a need to carry out community level studies that document farmers' perceptions, knowledge, attitudes and practices in climate variability and change, before designing climate change adaptation programmes and strategies. Such studies would provide better location specific insights and generate information relevant to policy and interventions that would contribute to a higher adoption rate of climate change adaptation strategies. In this paper, the KAP approach has been taken as a conceptual framework to study human behavior and not as a specific methodology. This paper presents preliminary results of a study conducted at Bolero Extension Planning Area (EPA) in Rumphi district, northern part of Malawi about people's knowledge, attitude and practice about climate change and variability vis a vis their perceptions about coping and adaptation mechanisms to promote the rural livelihood. In Bolero area, the most susceptible sectors of human life which are sensitive to climate change and variability are agriculture, food security and natural resources.
METHODOLOGY

Study area
Bolero EPA was purposively selected being a designated community of practice (CoP) for rural livelihood by Mzuzu University. Bolero EPA is situated at approximately 10 km west of Rumphi district headquarters (Figure 1 ). The area falls under the jurisdiction of Paramount Chief Chikulamayembe with an estimated population of 58,550 people of which 51% are female 2 . The EPA has 11,710 farming families with average land holding size of 2.7 hectares each. Maize is the main staple food grown in the EPA, and tobacco and paprika are the main cash crops. These farming families also domesticate livestock mainly pigeons, chicken, goats and pigs as their main source of protein dietary intake. According to a socio-economic profile of Rumphi District, deforestation is rampant in the area due to increased demands for fuelwood, charcoal, burnt bricks, tobacco curing, and new farm lands is due in part to the burgeoning population. Poor land management, resulting in loss of soil fertility is also high in the area.
Data collection and analysis
The study was initiated during the 2014/2015 farming season between October and May. One of the aims was to monitor the impact of people's knowledge, attitude and practice (KAP) on climate change and variability, thereby contributing to the process of replacing beliefs with facts regarding the effect of climate change and variability on agricultural productivity and rural livelihood, in particular. Semi-structured interviews (SSIs) were conducted covering a sample size of 100 households in four (4) villages. SSI was used to generate both quantitative and qualitative data from the sample unit about their knowledge, attitude, practice and perceptions about climate change and variability including their coping and adaptation mechanisms. The method was also used to gather qualitative data about the motivation factors by farmers to adapt to climate change and variability to improve their rural livelihood and welfare. In addition, meteorological data on rainfall and temperature for the area was collected from the Malawi Department of Climate Change and Meteorological Services. This data was used for comparisons with farmers' perceptions on climate change. The quantitative data gathered was analysed by using Statistical Package for Social Sciences (SPSS) version16.0. Meteorological data was analyzed using Microsoft Excel. In order to interpret the data, all results were presented in form of charts, graphs and tables. Chisquare test was used to test statistical significance particularly among the different respondents and their responses. A 0.05 level of significance was set. Qualitative data was analyzed by using content analysis. 
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RESULTS AND DISCUSSION
Respondents profile
Out of the 100 respondents that participated in the study, 51% were females and 49% of the total was within the age range of 30 to 40 years. Majority (78%) of the respondents were married. On education levels, about 65% had attained primary education and 3% had not attended any formal education. In terms of occupation, majority of the respondents (98%) earned their living through subsistence farming and reported living for an average of 29 years in their current villages.
Smallholder farmers' perception on climate variability
Temperature
Respondents were asked to indicate whether they had observed increased or decreased temperature trends over the past 10 years. The study results shows that more than half of the respondents (76%) reported that they had experienced increased temperatures in Bolero community for the past 10 years. A Chi-square test showed that the differences in farmers' responses is statistically significant (χ2 = 109.000; DF = 4; P-Value = 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 0.0001) implying that it is unlikely that the differences in perceptions could be due to chance alone. The perception of farmers was compared with the meteolorogoical data from Malawi Meteorological Services. Both minimum and maximum temperature readings for Bolero show a positive trend in temperature which indicates that there has been an increase in temperature for the past 33 years (Figures 2  and 3 ). Statistical analysis of the change in in both maximum and minimum temperatures over time shows that they are significant (P = 0.0036 and P = 0.0017 respectively).
The above statistical analysis is in tandem with many other studies on farmers' perceptions and adaptations to climate change and variability including Ethiopia, Zimbabwe, South Africa and Ghana (ATPS, 2013; Moyo et al., 2012; Fosu-Mensah et al., 2010; Gbetibouo, 2009) respectively. According to Shankara et al. (2013) , farmers' perceptions about changes in temperature often fall within observed meteorological data. Farmers' perception of changes in temperature is usually in line with meteorological data since the farmers are in a position to rightly judge changes in evapotranspiration and dehydration in human bodies over time (Shankara et al., 2013) .
Rainfall
Majority (74%) of the respondents indicated that there has been a decrease in rainfall over the past 10 years. A Chi-square test showed that the differences in farmers' responses is statistically significant (χ2 =172.720; DF = 6; P-Value = 0.0001) implying that it is unlikely that the differences in perceptions could be due to chance alone. However, the rainfall data from Malawi Meteorological Services for Bolero, shows that there has been a moderate increase in rainfall during the past 10 years (Figure 4 ). However, a statistical analysis of the changes in rainfall over the period shows that it statistically insignificant (P = 0.603). These findings on rainfall pattern do not match with perceived rainfal patterns. Over the past 10 years, the actual rainfall data for the study area shows little variability. This is common in many studies which examine people's perceptions about climate change and variability due to a number of reasons (Moyo et al., 2012; ATPS, 2013) . In the study area, the smallholder farmers perceptions on rainfall pattern may have been influenced by the declining maize yield, which may not be related to rainfall as shown by meteorological data that the rainfall pattern has not significantly changed. It could be for the 5 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 reason that many smallholders opt to grow more tobacco as a 'cash-spinner' than maize.
Smallholder farmers may also perceive a decrease in rainfall due to the fact that the meteorological rainfall data used in the study does not show the actual rainfall amount and rainy days within a month. From experience, most farmers know specific days or weeks within a critical crop growth period when a crop demand for water is highest and if it does not rain in those critical times, farmers might perceive it as decrease in rainfall amount (ATPS, 2013) . In addition, the meteorological rainfall data does not capture the observed changes in rainfall patterns whereby the growing season is becoming shorter (Khamis, 2006; Tadross et al., 2007) .
Overall, smallholder farmers perceptions of changes in both temperature and rainfall reveal that the perceptions are made based on local environment and are not linked to an understanding of climate change and variability in the national or global context. This brings some challenges. Basing perceptions of climate change to local events creates a challenge for climate change projects that take into consideration global or national view of climate change which is different from the local environment and perceptions. Such perceptions may have a bearing on adoption of international and national adaptation strategies in an area.
Smallholder farmers' Knowledge on Climate Change
Respondents were asked to indicate if they had ever heard of climate variability and change. Overall 96% of respondents indicated that they had some idea and had heard about climate variability and change. However, when the respondents were asked to describe the meaning of climate change and variability, they gave a variety of answers. The most common understanding for the majority of the respondents of climate change and variability was the change in rainfall (48%) while 21% indicated that it was a change in both rainfall and temperature. Only 5% of the respondents indicated that it was a change in temperature ( Figure 5) . Results from the study shows that smallholder farmers' knowledge about climate change and variability is not in the context of the theoretical definition of climate change and variability. It is not surprising to note that most farmers associate climate change to changes in rainfall patterns because of its direct effect on agricultural production and food security. This is supported by Maddison (2006) who observes that farmers' understanding of climate change is often linked to experiences of such events. Lack of knowledge in climate change and variability can equally affect adoption of adaptation strategies. Since the smallholder farmers in Bolero community do not understand the concept of climate change and variability fully, they need to be helped. It is important to ensure that smallholder farmers and other natural resource users in Bolero Community get the right information on climate change that is most relevant to them which should include meteorological data and seasonal climate forecasts. This would improve their existing knowledge gaps and increase their adaptive capacity and resilience to the negative effects of climate change and variability.
Smallholder farmers' attitudes
In order to capture the farmers' attitude towards climate change, the respondents were asked about their level of agreement with the statement that there is nothing that the community could do about climate change. The study revealed that the majority of respondents (88%) disagreed with the statement and only 6% of respondents agreed with the statement. A Chi-square test showed that the differences in farmers' level of agreement is statistically significant (χ2 = 241.100; DF = 4; P-Value = 0.0001) implying that it is unlikely that the differences in attitude can be due to chance alone.
The respondents were also asked about their level of agreement with the statement that climate change is occurring in this community because of sins and failure to respect certain cultural and religious beliefs and practices. The results show that 60% of the respondents disagreed and 39% agreed. A Chi-square test showed that the differences in farmers' level of agreement is statistically significant (χ2 = 94.700; DF = 4; P-Value = 0.0001) implying that it is unlikely that the differences in responses could be due to chance alone. This revelation shows that there still exist some smallholder farmers who believe that climate change requires divine intervention. This agrees with results from several studies from other places in Africa and Asia about ancestral beliefs and values such as Kondoa district in Tanzania (Sleger, 2008) , Zambia (Nyanga et al., 2011) and Balochistan province in Pakistan (Ashraf and Routray, 2013) . These beliefs cannot be taken for granted because it can lead to under-investment by some smallholder farmers in rain-fed agriculture, failure to adopt modern farming methods which are adaptive to climate change or the entire adoption of coping and adaptability mechanisms to climate change and variability. There is need to ensure that climate change education awareness is conducted in the community with the aim of re-orienting the community towards climate change issues and changing their negative mind-set.
Smallholder farmers' practices related to climate change
The smallholder farmers were asked to state the major activities undertaken in their community that might have contributed to climate change and variability. These activities were categorized into Government, community and households. As for households and community, the majority of the respondents (82 and 76% respectively) reported cutting down of trees as the major activity contributing to worsening effects of climate change. About 45% of the respondents indicated that encouragement of tobacco farming by Government was the major activity that was worsening the climate change and variability situation in the community ( Figure 6 ). Thus, smallholder farmers need to be encouraged to diversify their income generating activities through crop diversification in order to reduce over dependency on tobacco farming. Finally, the respondents were asked to rank the major factors that they believe motivate them to adopt adaptation strategies to climate change and variability. From the findings, access to water (75%), access to farm research groups (61%), access to irrigation sites (58%), access to climate information (57%), access to pests and disease control services (54%) and access to formal credits (53%) were most frequently ranked by the respondents as the most important motivating factors while access to safety net was reported as the least important (Figure 7) .
It is important to improve smallholder farmers' access to affordable credits which will increase their financial resources and ability to meet transactional costs associated with the various adaptations options they might want to take and also have the means to access to markets. In addition, with more financial resources and access to markets, small holder farmers will be able to buy new crop varieties, new irrigation technologies, invest in livestock farming, which are among the motivating factors to their adoption of climate change adaptation strategies.
Conclusion
The paper presented smallholder farmers perception on changes in climate in Bolero Extension Planning Area in Rumphi District, northern Malawi. Majority of smallholder farmers are aware of climate change but debate continues on actual causes of this change. Among the few who believe their own human activity contributes to the situation, they feel there are some factors which can motivate them to adopt coping and adaptation mechanisms to climate change and variability. Some of the motivation factors cited include access to market, access to credit/loan facilities, access to water resources, access to irrigation services, access to information on climate, provision of farm inputs, small stocks, polythene tubes and tree seedlings. Programmes that can take into account these suggestions may help to motivate many farmers to adopt coping and adaptation mechanisms in dealing with climate change and variability in Malawi and beyond. It is also important to increase awareness about the current trends and causes of climate change and variability in the area and the impact human activity may have on climate change. In addition, scientists and development experts should consider the cultural and traditional beliefs of smallholder farmers when designing climate change projects.
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